INTRODUCTION {#sec1-1}
============

Over the decades, ovarian cancer has become a global challenge in women population all over the world([@ref1]). It has been shown that 225,000 women suffering from ovarian cancer and about 140,000 of them dye from this cancer each year([@ref2]). Despite significant improvement in the treatment for patients with ovarian cancer, it still remains one of the leading causes of cancer-induced mortality in the world([@ref3]). Traditional attempts towards ovarian cancer treatment are commonly followed by the resistance to therapy([@ref1]). Thus, there is a growing need to develop the effective therapy for the ovarian cancer. Disruption of apoptosis is a critical hallmark in biology of cancer([@ref4]). Emerging evidences have revealed that apoptosis induction is one of the important mechanisms of action for many anti-cancer drugs([@ref5]). Therefore, new compounds with potential of apoptosis induction could be reliable tools for effective anti-tumor therapy([@ref6][@ref7]). In this regards, it has been recently suggested that galectin-9 (Gal-9) as a member of family of animal lectins, is involved in various aspects of cancer biology such as proliferation, cell adhesion, metastasis, and apoptosis([@ref8]). Kageshita *et al*. exhibited that loss of Gal-9 is associated with progression of melanoma cells. Furthermore, overexpression of Gal-9 attenuates metastases in murine melanoma cells, suggesting that increased expression of Gal-9 expression links to a better prognosis in melanoma([@ref9]).

Yamauchi *et al*. reported that Gal-9 has an anti-metastatic effect on breast cancer cells. They also showed that survival ratio for Gal-9-positive patients were better compared with Gal-9-negative group([@ref10]). It has been also shown Gal-9 inhibited the cell proliferation of five myeloma cell lines, and also this effect was mediated by activation of caspase-8, -9, and -3([@ref11]). Fujita *et al*. showed that Gal-9 inhibited cell proliferation in hepatocellular carcinoma with induction of apoptosis but did not affect cell cycle arrest, *in vitro* and *in vivo*. They also proposed that Gal-9 might be a candidate agent for hepatocellular carcinoma chemotherapy([@ref12]). Another study showed that Gal-9 induces apoptosis through caspase-1 pathway([@ref13]). In addition, Jiang *et al*. indicated that Gal-9 in the tumor cells may be a critical target to treatment of gastric cancer([@ref14]). Previous studies have also shown the anti-cancer activity of Gal-9 via induction of apoptosis in hematological and gastrointestinal cancer([@ref4]). A previous study showed the expression of Gal-9 in OVCAR-3 ovarian cancer([@ref15]). Taken together, these data propose that Gal-9 could be considered as an appropriate candidate for treatment of some cancers. To the best of our knowledge, data on the role of Gal-9 in ovarian cancer is very scarce. Thus, the purpose of this study was to explore the anti-cancer effects of Gal-9 on OVCAR-3, a human ovarian cancer cell line, to identify the underlying molecular mechanism of its effect.

MATERIALS AND METHODS {#sec1-2}
=====================

 {#sec2-1}

### Cell culture {#sec3-1}

OVCAR-3 cancer cell line was prepared from Pasteur Institute of Iran (Tehran, I.R. Iran). This cell line was grown in RPMI-1640 media supplemented with 10% fetal calf serum 100 U/mL penicillin and 100 mg/mL streptomycin at 37 °C in 5% CO2 air and 95% humid air.

### Thiazolyl blue tetrazolium bromide cell viability assay {#sec3-2}

The assay was carried out colorimetrically as described previously([@ref16][@ref17]). In brief, after 24 h incubation with Gal-9 (R&D System, USA) at various concentrations (0.1, 1, 10, 25, 50, 75, and 100 nM), MTT dye was added to each well then assessed by microplate reader.

### Flow cytometry assessment of apoptosis {#sec3-3}

Apoptosis was performed by flow cytometry as described previously([@ref18][@ref19]). In brief, cells were seeded and incubated with different concentration of Gal-9 (1, 10, 50, and 100 nM). Cells were collected 48 h later, stained for 15 min with annexin-V-FITC (5 μL) and propidium iodide (5 μL) (eBioscience, USA). The reading of stained events was performed using a FACS Calibur flow cytometer (Tristar, CA, USA) and then analyzed using FlowJo software (Tristar, CA, USA).

### ROS assay {#sec3-4}

The inductive effect of Gal-9 in production of reactive oxygen species (ROS) was applied by fluorescent probe 2′, 7′ -dichlorofluorescin diacetate (DCFH-DA) according to manufacturer\'s instruction (Marker Gene Technologies). Briefly, cells were seeded and treated with various concentrations of Gal-9 (1, 10, 50, and 100 nM) for 48 h, and incubated in dark place with DCFH-DA in Hank\'s balanced salt solution at 37 °C for 30 min. After washing with Hank\'s balanced salt solution, ROS levels were assessed by a Synergy HT multi-mode microplate reader (BioTek Instruments, USA).

### Caspases assay {#sec3-5}

Assessment of caspase-3 and caspase-6 was conducted colorimetrically on the basis of manufacturer\'s instruction (Biovision, USA). Briefly, cells were cultured overnight and treated with different concentrations of Gal-9 (1, 10, 25, 50, and 100 nM) for 6, 12, 24, 48 and 60 h. Cells then were lysed on ice and supernatants incubated with caspase-3 and caspase-6 substrate. After 1 h incubation at 37 °C, the amount of p-nitroaniline was measured at 405 nm using a microplate reader (BioTek Instruments, USA).

### Assessment of mitochondrial membrane potential {#sec3-6}

The assessment of mitochondrial membrane potential (ΔΨm) of treated OVCAR-3 cells was performed using a JC-1 probe as described previously([@ref20]). OVCAR-3 cells were plated and treatment with different concentrations of Gal-9 (1, 10, 50, and 100 nM). Treated cells were then incubated with JC-1 by (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) (HEPES) buffer (40 Mm, pH 7.4) containing 0.65% NaCl and 2.5 mM JC-1. Fluorescence was measured using a Synergy HT multi-mode microplate reader (BioTek Instruments, USA) at two excitation/emission wavelength pairs.

The ratio between the measured red (590 nm) and green (540 nm) fluorescence intensities indicated alteration in ΔΨm.

### Immunoblotting assays {#sec3-7}

The Bax and Bcl2 protein were determined by immunoblotting assays as described previously([@ref21][@ref22]). The cells were treated with different concentrations of Gal-9 (1, 50, and 100 nM) for 48 h. Prepared lysates at 30-50 μg amounts were subjected to SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) membrane. Membranes were then stained with mouse monoclonal antibodies Bcl2, Bax, and GAPDH antibodies (Santa Cruz and dilution 1:1000 ) overnight at 4 °C, and washed three times (each for 15 min) with phosphate buffered saline-tween. Membranes were incubated with goat anti-mouse IgG-HRP as secondary antibodies (Santa Cruz and dilution 1:10000) for 1 h at room temperature. The proteins contents were determined with ECL detection reagent (Biorad, USA).

### Data analysis {#sec3-8}

One-way analysis of variance (ANOVA) was carried out with the Dunnett\'s test using software SPSS version 16. *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Effect of galectin-9 on OVCAR-3 cells {#sec3-9}

We first evaluated the anti-proliferative effect of Gal-9 on OVCAR-3 human ovarian cancer cell line by MTT assay. Our results showed that the cell proliferation is inhibited after exposure to Gal-9 in a dose dependent manner (*P* \< 0.05). As shown in [Fig. 1](#F1){ref-type="fig"}, a significant anti proliferative effect was observed at 1 nM reaching maximum at 100 nM with 9.6 % and 33.8% decreasing cell viability compared to untreated normal control, respectively. The IC~50~ of Gal-9 was found to be 148.45 nm.

![Cytotoxicity effect of galectin-9 (Gal-9) on OVCAR-3. Cells were treated with different concentrations of Gal-9 for 48 h, and cytotoxicity was assessed by MTT assay. Gal-9 reduced cell viability in a dose dependent manner. Results (mean ± SD) were calculated as percent of control values. \**P*\< 0.05 is considered significant.](RPS-13-557-g001){#F1}

### Induction of cell apoptosis by galectin-9 {#sec3-10}

Our results presented in [Fig. 2A](#F2){ref-type="fig"}--[2E](#F2){ref-type="fig"} indicated that the percentage of the apoptotic cells were 1.411%, 10.72%, 18.67%, 21.85%, and 30.69% for control cells, 1, 10, 50, and 100 nM, respectively. As shown in [Fig. 2F](#F2){ref-type="fig"} after 48 h exposure to Gal-9 the incidences of apoptotic cells were increased in a concentration-dependent manner (*P* \< 0.05).

![Flow cytometric analysis of apoptosis induced by galectin-9 (Gal-9) in OVCAR-3. A-E, Cells were treated with various concentrations of Gal-9 (0, 1, 10, 50, and 100 nM, respectively) for 48 h and followed by apoptosis detection by annexin-V and propidium iodide using flow cytometry; F, after treatment with Gal-9 apoptosis gradually increased in OVCAR-3 ovarian cancer cells. \**P*\< 0.05 is considered significant.](RPS-13-557-g002){#F2}

### Effect of galectin-9 on intracellular production of ROS {#sec3-11}

Increase of ROS production could be one of the factors inducing cell apoptosis([@ref23]). As shown in [Fig. 3](#F3){ref-type="fig"}, the level of ROS in OVCAR-3 cells were 1.21, 1.34, 1.42, and 1.51 folds after 48 h exposure to 1, 10, 50, and 100 nM of Gal-9, respectively. These findings showed that the amount of ROS in Gal-9-treated cells were significantly higher compared with control cells (*P* \< 0.05).

![Intracellular reactive oxygen species (ROS) level in galectin-9 (Gal-9) treated OVCAR-3 cells. The cells were incubated with various concentrations of Gal-9 (0, 1, 10, 50, and 100 nM) for 48 h and the ROS levels monitored by DCFH-DA staining. The fluorescence intensity was analyzed by a microplate reader at an excitation wavelength of 485 nm and an emission wavelength of 528 nm, respectively. \**P*\< 0.05 is considered significant.](RPS-13-557-g003){#F3}

### Effect of galectin-9 on the activity of caspase-3 and caspase-6 {#sec3-12}

As shown in [Fig. 4A](#F4){ref-type="fig"} and [4B](#F4){ref-type="fig"}, Gal-9 activated caspase-3 and caspase-6 in a concentration (1-100 nm) and time-dependent manner. Ccaspase-3 and caspase-6 were activated with Gal-9 in a time (6-60 h)-dependent manner in comparison with untreated cells (*P* \< 0.05)[Fig. 4C](#F4){ref-type="fig"} and [4D](#F4){ref-type="fig"}. These data suggest that Gal-9 induces OVCAR-3 cell apoptosis through caspase-3 and caspase-6.

![The effect of galectin-9 (Gal-9) on caspase activity in OVCAR-3. The cells treated with various concentrations of Gal-9 and the activation of caspase-3 and caspase-6 were assayed enzymatically. A, Gal-9 activated caspase-3 and B, caspase-6 in a concentration (1-100 nM)-dependent manner, and also C, activation of caspase-3 and D, caspase-6 were obtained with Gal-9 (25 nM) corresponding to time (6-60 h)-dependent manner compared with untreated cells (\**P*\< 0.05).](RPS-13-557-g004){#F4}

### Effect of galectin-9 on mitochondrial membrane potential {#sec3-13}

We used the JC-1 probe, a cationic dye exhibiting potential-dependent accumulation in the mitochondria, to determine the ΔΨm reduction in OVCAR-3 cells after treatment with various concentration of Gal-9. As shown in [Fig. 5A](#F5){ref-type="fig"}, a significant dose-dependent decrease in ΔΨm occurred after treatment with Gal-9 (*P* \< 0.05).

![Effects of galectin-9 (Gal-9) on mitochondrial membrane potential (ΔΨm), Bcl-2 and Bax expression in human ovarian OVCAR-3 cells. A, after incubation of cells with different concentrations of Gal-9 for 48 h, cells were loaded with JC-1 dye and the potential-dependent accumulation in the mitochondria measured directly. B, cells were treated with different concentration of Gal-9 and then Bcl-2 and Bax expressions were analyzed by western blots using the corresponding specific antibodies. Intensity of each band, C, Bcl2 and D, bax was estimated by imageJ software. Equal sample loadings were confirmed by GAPDH band manner compared with untreated cells (\**P*\< 0.05).](RPS-13-557-g005){#F5}

### Effect of galectin-9 on the expression of Bax and Bcl-2 {#sec3-14}

In order to confirm the apoptotic effects of Gal-9, western blot analysis of both Bax and Bcl-2 was carried out in OVCAR-3 cancer cells in the presence of various concentrations of Gal-9 (1, 50, 100 nM). In this regard, our results showed that Gal-9 incubation decreased the expression level of Bcl-2 dose dependently but it increased the expression level of Bax in a dose dependent fashion [Fig. 5B](#F5){ref-type="fig"}. As shown in [Fig. 5C](#F5){ref-type="fig"}, Bcl-2 protein decreased 1.96, 3.69, and 27.3 folds for 1, 50, and 100 nM, respectively (*P* \< 0.05). Moreover, as shown in [Fig. 5D](#F5){ref-type="fig"} Bax protein increased 6.1, 14.2, and 23.1 folds for 1, 50, and 100 nM, respectively (*P* \< 0.05).

DISCUSSION {#sec1-4}
==========

Despite recent advances in the treatment of ovarian cancer, its incidence and mortality rates are still high. Therefore, like other cancers, development of new compounds for treatment of human ovarian cancer is strongly recommended. Numerous studies have revealed that Gal-9 modulates cell growth in various cancer cell lines([@ref24][@ref25]). However, the antitumor effect of Gal-9 has not been evaluated in ovarian cancer. The main aim of our study was to investigate the anticancer and apoptotic induction properties of Gal-9 on the human ovarian cancer cell, and the possible mechanism of its action. Our data showed Gal-9 led to a dose-dependent inhibition of cell growth in ovarian cancer cell line, OVCAR-3. This data suggests that Gal-9 would be an effective treatment for ovarian cancer. One of the most important features of apoptosis is the externalization of phospholipid phosphatidylserine by changing of its localization from the inner to the outer layer of cellular membrane during the early stage of apoptosis([@ref26]). Parallel to other features of apoptosis, annexin-V which stains phosphatidylserine, exhibited apoptosis of OVCAR-3 cells induced by Gal-9 in a dose dependent manner. In accordance with these findings, it was reported that Gal-9 inhibits cell proliferation and induces apoptosis in myeloma cell lines([@ref11]). Another study indicated that Gal-9 inhibits the proliferation of hepatocellular carcinoma by apoptosis([@ref12]). Generally it has been accepted that apoptosis is associated with a wide variety of morphological and biochemical aspects that are used to distinguish apoptotic cell death. Several studies demonstrated the expression levels of anti-apoptotic protein Bcl-2 and pro-apoptotic proteins Bcl-2 are important biochemical markers of apoptosis([@ref27][@ref28]). During early stage of apoptosis, the transcriptional expression of Bcl-2 and Bax are suddenly impaired, which leads to increase of Bax/Bcl-2 ratio([@ref27][@ref28]). The results of this study demonstrated that Gal-9 decreased the expression of Bcl-2 and increased the expression of Bax in a dose dependent manner. These data suggest that the anti-proliferative effect of Gal-9 is mediated via apoptosis. A study has shown that Gal-9 inhibits the growth of hepatocellular carcinoma via apoptosis([@ref12]). Furthermore, emerging evidence has shown that the increase in Bax/Bcl-2 ratio leads to mitochondrial deregulation([@ref20]). Mitochondria are generally accepted to act as central organelle in the apoptotic process([@ref30]). Reduction of ΔΨm seems to be a sign of mitochondrial dysfunction which usually occurres in early apoptosis([@ref31]). Our findings in the present study showed Gal-9, dose-dependently, triggered the loss of ΔΨm in cells. In addition, an increase in Bax/Bcl-2 ratio leads to mitochondria-dependent apoptosis by releasing cytochrome c from mitochondria into the cytosol which leads to caspase activation([@ref32]). Caspase-3 and caspase-6 are considered as executioner caspases in apoptosis([@ref16]). In the present study we showed that Gal-9 treatment significantly increased caspase-3 and caspase-6 activation in a dose-dependent fashion. Therefore, collapse of ΔΨm and caspase-3 and caspase-6 activation, suggests an induction of mitochondrial-dependent apoptosis in Gal-9 incubation. Wide varieties of anti-tumor reagent generally rely on their ability to stimulate intracellular ROS production. Increased content of intracellular ROS can destroy the integrity of cellular membrane, impairing proteins, affecting dynamic of cytoskeleton, and affecting nucleotide caused to DNA damage, totally known as oxidative stress([@ref33]). Excessive intracellular ROS production by several features such as disrupting ΔΨm has been shown to induce apoptosis([@ref34]). For instance, Le Bras *et al*. exhibited that loss of mitochondrial membrane integrity leads to the release of mitochondrial pro-apoptotic elements, pro-caspase activation, and DNA damage([@ref35]). The current study showed that Gal-9-induced ROS formation in OVCAR-3 cells confirmed that Gal-9 incubation leads to apoptosis induction in OVCAR-3 human ovarian cancer cells.

CONCLUSION {#sec1-5}
==========

Taken to gather, our data indicated that Gal-9 inhibited cell proliferation in OVCAR-3 cancer cells by increasing ROS which led to a decrease in the protein expression of Bcl-2 followed by an increase in Bax protein expression, then a decrease in ΔΨm, leading to an increase in the protein expression of caspase-3 and caspase-6 and the induction of the apoptosis of OVCAR-3 cancer cells.
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